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Abstract 
Mg(BH4)2 is a complex hydride with one of the highest hydrogen contents (~ 15%) known yet. Several synthesis 
routes have been reported for it, all based on the metathesis reaction of MgCl2 with NaBH4 performed in a ball-mill 
or in suitable solvents.   
In the present study a new approach for synthesis of Mg(BH4)2 will be presented in which the more reactive 
MgBr2 is used instead of MgCl2. For this purpose a mixture of MgBr2 and NaBH4 (molar ratio: 1: 2 and 1:2.15) was 
ball-milled for 6, 12 and 18 h, respectively.  Mg(BH4)2 was extracted from the reaction product  (Mg(BH4)2 + NaBr) 
by Soxhlet with diethylether over a day.  The remaining residue after solvent evaporation was dried in vacuum at 150 
ºC for 24 h and 5h at 190 ºC. The intermediate and final products of the reactions were analyzed using XRD, 
DTA/TG, Mass and Vibrational Spectroscopy.  The XRD diagrams of the mixture after ball milling showed only the 
characteristic reflections of NaBr and the patterns obtained after solvent extraction was in all cases consistent with ȕ-
Mg(BH4)2. The additional weak MgBr2 reflections, decreased by increasing the ball milling time from 6 to 18 h. The 
DTA/TG coupled with MS revealed ~11% mass loss when the product was heated up to 600 ºC. The result of MS 
detected that the exhaust gas is exclusively H2.   
Compared to MgCl2, the use of MgBr2 has two advantages: the reaction time is considerably shorter and the 
excess of MgBr2 can act as additive lowering the onset temperature for hydrogen release from 290 ºC - for pure 
Mg(BH4)2 - to ~ 220 ºC.   
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Introduction 
Due to environmental pollution, diminishing and imbalance distribution of fossil fuels searching for 
alternative and sustainable energy sources always attracts too much of interests. Hydrogen, as the most 
abundant element in the universe, is one of the most promising clean energy sources. It is the lightest fuel, 
richest in energy per unit mass and can be easily stored unlike the electricity [1, 2]. 
There are some conventional methods for storing hydrogen which can be mainly categorized to 
physical storage (LH2, CGH2 and absorbents) and chemical storage (Complex Metal Hydrides Metal 
Hydrides) [3, 4]. The transport section requires cheap, safe and reliable way of storing hydrogen along 
with high storage capacity. Solid state hydrogen storage seems to be a prominent method for onboard 
applications [1, 3, 5, 6]. Among these, alkaline and alkaline-earth metal based borohydrides such as 
LiBH4, Mg(BH4)2, and Ca(BH4)2 as being light weight compounds, have high gravimetric hydrogen 
energy density and potential to meet DOE requirements- in spite of some limitation in thermodynamics, 
kinetics and having several decomposition steps- become popular candidates among solid state hydrogen 
storage materials. [6-10]. 
Based on the hydrogen energy density values in Table 1, Be(BH4)2 seems to be the first candidate 
among the metal borohydrides, as having low onset hydrogen release (123 °C) and low enthalpy of 
formation (27 KJ/mole). However, all beryllium compounds are toxic and therefore not suitable for 
hydrogen storage [7, 11]. LiBH4, is the second candidate of choice with a theoretical hydrogen density of 
21.8 wt% but practically it can release only 13.8 wt% hydrogen. The reason is that the thermal 
decomposition is not complete yielding LiH and B as final products. Moreover, LiBH4 has a moderate 
heat of formation of 75 KJ/mole and extreme conditions in reversibility (873K, 35Mpa in 12 hours or 
1000K, 15Mpa in 10 Hours) [8]. With 16.9 wt% hydrogen content, Al(BH4)3 is the third promising 
candidate. It has a very low enthalpy of formation (5.5 KJ/mole) [29] and comparatively low hydrogen 
release temperature (150 °C). However, it is liquid at room temperature and pyrophoric [11]. Compared 
to aluminium borohydride, the title compound Mg(BH4)2 has slightly lower hydrogen content (14.9%) but 
relatively low density (0.989 g/cm3), higher volumetric density (147 kg/m3) and a low enthalpy of 
formation (40KJ/mole).  With these properties, it has a high potential to become one of the most 
important hydrogen storage materials.  Mg(BH4)2 is tetramorph (Į, ȕ, Ȗ (2.5% physically hydrogen 
storage) and į (porous)) with complex crystal structures.  Each of the polymeric forms may reveal 
different decomposition pathways but the final product is in all cases the hydrogen free MgB2. [7, 8, 12, 
13].  
Table 1: List of promising metal borohydrides 
 
H2 Density 
(wt%)
H2 Density 
(kg/m3)
Metal 
Borohydride
Dehydrogenated 
form
Theo. Exp. Theo. Exp. 
Enthalpy 
of 
formation
Ref.
Be(BH4)2 Be+2B 20.8 20.8 146 146 27 8 
LiBH4 LiH+B 18.5 13.8 122 93 75 8,11 
Al(BH4)2 Al+3B 16.9 16.9 133 133 6 11 
Mg(BH4)2 Mg+2B 14.9 14.9 147 147 40 11 
Ca(BH4)2 2/3CaH2+1/3CaB6 11.6 9.7 124 104 75.5 8,11 
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NaBH4 NaH+B 10.7 7.9 114.5 85 90 8,11 
 
The preparation of magnesium borohydride is quite challenging since the successful synthesis of it is 
critically depending on the experimental conditions. Mg(BH4)2 undergoes a Lewis acid-base reaction with 
solvent molecules L yielding the stable adduct Mg(BH4)2.L (L=Solvent). Once the adduct is formed it is 
quite difficult to get the solvent free salt back again and needs extreme conditions for final heat 
treatments[14, 15]. Moreover, the mixture (Mg(BH4)2-n Xn, n=0-2) is usually form in metathesis reaction 
from which Mg(BH4)2 is difficult to separate or even to identify [15]. Several routes have been reported 
for the synthesis of magnesium borohydride, mostly based on the metathesis reaction of MgCl2 with 
NaBH4 or LiBH4 performed in a planetary ball mills or in suitable solvents such as diethylether and THF 
[13, 16-18]. P.Zanella et.al. [15] proposed two alternative synthesis methods by using Al(BH4)3 and 
BH3S(CH3)2 which act as "BH4-donor" and Mg(C4H9)2 as Mg source, respectively, in Toluene/Heptane 
with a relatively high yield. An overview of the reaction conditions for the some important synthesis 
methods of Mg(BH4)2 are summarized in Table 2.  
Table 2: overview of some known synthesis methods for Mg(BH4)2 and their reaction conditions 
Synthesis Heat
treatment
Synthesis
method
Precursor
1
Precursor
2
Ratio
(1/2)
Temp.
(C)
Time
(h)
Solvent
Temp.
(C)
Time
(h)
Product(s) Yield
%
Ref
190 1Planetary
ballmillͲ
Stirring
MgCl2 MBH4(M=
Li,Na)
1:2 R.T. 2+24 Diethylether
180 2
ɲandɴ
Mg(BH4)2
50
Planetary
ballmill
MgCl2 LiBH4 1:2 R.T. 80 _ _ _ LiClͲ
Mg(BH4)2
_
100 1 _ 100 1
145 6 _ 130 1
170 3
Stirring MgH2 (C2H5)3NͲ
BH3
1:2.2
R.T.
(*)
8 _
160 12
ɲandɴ
Mg(BH4)2
95
13
Direct MgCl2 LiBH4 1:2 320
(**)
3 _ _ _ LiCl _ 16
R.T. _Stirring Mg(C4H9)2 Al(BH4)3 1.35:1 Ͳ78to
25
15 Toluene/
Heptane 60 _
ɲͲ
Mg(BH4)2
85 15
R.T. 6Stirring Mg(C4H9)2 BH3S(CH3)2 1:3.6 25 2 Toluene/
Heptane 75 13
ɲͲ
Mg(BH4)2
93 15
MgCl2 LiBH4 1:2.51 R.T. OverͲ
night
Diethylether 180 1 ɲͲ
Mg(BH4)2
Stirring
MgCl2 LiBH4 1:3 R.T. OverͲ
night
Diethylether 200 1 ɲͲ
Mg(BH4)2

R.T. 1
155 2
Stirring MgCl2 NaBH4 1:2 R.T. 15 Amine
solution
200 2
ɲandɴ
Mg(BH4)2
41
155 2Stirring MgCl2 NaBH4 1:3 R.T. 6 Diethylether
200 2
ɴͲ
Mg(BH4)2
15
R.T. _
80 _
Pipeball
mill
MgCl2 NaBH4 1:3 R.T.
(*)
24 Diethylether
235 5
ɴͲ
Mg(BH4)2
77.5
18
* with addition of 30 ml n-hexane 
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**  under 10 Mpa H2 atmosphere 
Experimental Procedure  
The convenient synthesis of Mg(BH4)2 is based on metathesis reaction of anhydrous MgCl2 with 
LiBH4 or NaBH4 followed by solvent extraction with diethylether or THF. In the present study an 
alternative preparation is followed in which the more reactive MgBr2 is used instead of MgCl2. The 
equation for the metathesis reaction is given below: 
MgBr2 + 2NaBH4 = 2NaBr + Mg(BH4)2       (1)
      
The reactants, magnesium bromide (MgBr2, 98% anhydrous) and sodium borohydride (NaBH4, 
granular 98%) were purchased from Aldrich as analytical reagent grade. Diethylether (Merck) was used 
as solvent for extraction and purification of the target compound, Mg(BH4)2. An excess of NaBH4 with 
respect to the stoichiometric ratio was employed to investigate its effect on the formation of Mg(BH4)2. 
The ratio of reactants and the reaction times of ball milling are summarized in Table 3.  
Table 3: synthesis conditions for reaction in reaction 1 
Series MgBr2 
(mole)
NaBH4 
(mole)
Time 
(h)
1 1 2 6 
1 2 12 
1 2 18 
2 1 2.15 6 
1 2.15 12 
1 2.15 18 
The mechanochemical synthesis was performed in Fritsch P7 planetary ball mill at 600 rpm with a 20 
ml zirconia vials using 3 mm zirconium oxide balls. The ball to powder mass ratio was 20:1. All sample 
manipulations and powder loading were performed under inert conditions (glove-box, N2, O2 d 1ppm, 
H2O d 1ppm). The very hygroscopic white crude product obtained after ball milling was then transferred 
into the glove box and placed into the thimble of the Soxhlet extraction vessel. In this work diethylether 
was chosen as a solvent for extraction/purification because THF needs high desolvation temperature 
which leads to the loss of hydrogen and can result in carbon impurity in the final product [13]. The 
extraction takes approximately 24 h, after which all Mg(BH4)2 was dissolved while NaBr remained as 
residue in the thimble. The solvent removal occurred under vacuum (103 mbar) at room temperature 
yielding a colorless viscous residue which then turned into white waxy mass after heating in silicon oil 
bath to 150 °C for 24 h in vacuum and was annealed for 5 h at 190 °C to remove the residual solvent.  
The crude (after ball mill) and purified reaction products were analyzed using powder X-ray 
diffraction method. PXRDs were done with BRUKER D2 Phaser diffractometer (Cu radiation with 
LYNXEYETM detector). The samples were prepared in the glove box and Kapton foil was used to keep 
the holder air tight during the measurement. The thermal behavior of the specimen was determined by 
Differential Thermal Analysis – Thermogravimetry (DTA/TG). The evolved gases were analyzed by 
Mass Spectrometry. DTA/TG ( SII EXSTAR 6300) – MS (PFEIFFER Vacuum GDS 301 T3) 
measurements were conducted under argon gas flow from room temperature to 600 °C with the heating 
rate of 10 K/min using platinum sample holders. In each test nearly 10 mg sample was loaded in to Pt 
sample holders and transferred using an air tight container. The samples were further characterized by 
Raman Spectroscopy. The measurements were done using nearly 5 mg of sample in sealed pyrex tube ( 
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= 4 mm) in the range of 2500-1000 cm-1 with a BURKER RFS 100/S spectrometer (Nd: YAG-Laser, 
1064 nm, 200 mW). 
Results and Discussion 
In the first reaction series the stoichiometric mixture of MgBr2/NaBH4 (1:2) were ball milled for 6h to 
18h. PXRD analyses in both cases confirmed an incomplete reaction. After 6 hours of ball mill only 
precursors can be detected, while, after 18 hours PXRD pattern shows NaBr with some amount of 
unreacted MgBr2.  
 
Figure 1: PXRD patterns of ball milled samples with stoichiometric ratio of 1:2 at 6h (bottom) and 18h (top) 
For the second reaction series (MgBr2/NaBH4 1:2.15, and 6h to 18h ball milled) the PXRD patterns 
revealed in all conditions solely NaBr indicating a complete reaction (Fig. 2a). After purification, MgBr2 
peaks emerged in all powder diagrams whose intensity decreased significantly by increasing ball mill 
time from 6 hours to 18 hours. After the final heat treatment at 190 ºC, ȕ-Mg(BH4)2 became the only 
detectable phase (Fig. 2b) in the patterns. As was reported by several authors [21, 22], the absence of 
Mg(BH4)2 reflections in all reaction products indicates that the compound formed under this conditions is 
an amorphous type.  
As can be seen in figure 3a, MS spectra revealed in all cases nearly 11% mass loss on the heating to 
600 ºC. The result shows that the exhaust gas is exclusively H2. According to figure 3b even small 
amounts of MgBr2 effect on both onset temperature of H2 release and maximum of H2 release. The 
presence of MgBr2 shifts H2 release temperature from 290 ºC [13] or 250 ºC [19, 20] for pure Mg(BH4)2 
to near to 220 ºC. Another effect of MgBr2 addition is the change of the temperature of maximum 
hydrogen release for Mg(BH4)2. The relationship is demonstrated in Fig.4b in which the maxima of 
hydrogen release peaks in the Mass spectra undergo a shift of almost 10 qC towards lower temperatures 
with increasing amount of MgBr2; i.e. from sample with 18 h to 6 h ball milling time. The TG curves of 
the two samples (Fig. 4a) show beside the above mentioned effects also a slight difference of in the total 
mass loss (~ 2% ) which can be referred to partial hydrolyses of the specimen during the transfer into the 
measuring cell of the DTA device. 
 
4
 Ali Bateni et al. /  Energy Procedia  29 ( 2012 )  26 – 33 31
          
Figure 2: a) PXRD patterns of ball milled samples with 1:2.15 ratio at 6h (bottom) and 18h (top), b) PXRD patterns of purified 
samples in which MgBr2 pattern is given as a reference. 
 
Figure 3: TG spectra of synthesized ȕ-Mg(BH4)2 with 6h(red) and 18h(black) (a) and MS spectra of it with 6h(red) and 18h(black) 
(b) heating rate 10 K/min under Ar flow  
Raman spectrum of purified ȕ-Mg(BH4)2 is shown in Figure 4 in comparison with that of NaBH4 
which is used as a reference. Both the frequencies as well as the distribution of the band intensities are in 
good agreement with those previously reported for ȕ-Mg(BH4)2 [12, 21, 22]. The (B–H) bending modes 
a) b)
a) 
b) 
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are observed at 1202 and 1391 cm1, respectively. Due to the different structural environment of the 
[BH4] units in the crystal, the symmetric (B-H) stretch splits up and is observed as two bands at 2195 and 
2305 cm1. The antisymmetric stretch is localized at 2510 cm1. 
 
Figure 4: Raman spectra of synthesized ȕ-Mg(BH4)2 (top) and purchased NaBH4(bottom). 
Conclusion 
Magnesium borohydride was successfully synthesized by metathesis reaction of MgBr2 and NaBH4. 
For the stoichiometric ratio (1:2) the reaction was incomplete even after 18h ball milling. For mixtures 
with the molar ratio 1:2.15 NaBr was the only crystalline product that could be observed in the X-ray 
powder diagram. In accordance with other reports Mg(BH4)2 which forms as second phase under this 
reaction conditions is amorphous so that no powder patterns were available. TG analysis of the purified 
magnesium borohydride has shown nearly 11% mass loss stemming solely from H2 release. In some cases 
the extracted magnesium borohydride was slightly contaminated by MgBr2. This has two consequences 
on the thermal behaviour of Mg(BH4)2. The MgBr2 impurity reduces the onset temperature of hydrogen 
release from 250 ºC to 220 ºC. On further increasing of the magnesium bromide content in the samples, 
the peak maximum of hydrogen release shifts towards lower temperatures.  
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